Abstract Carrageenan films have been formulated as a packaging material. Films plasticized with glycerol were loaded with citric acid (1, 0.75, 0.5, 0.25 and 0.1 %) for enhanced antimicrobial effects. Blank and citric acid loaded films were characterized by mechanical properties, scanning electron microscopy and contact angle. In addition, swelling and antibacterial studies were conducted to further characterize the films. Both blank and citric acid loaded films showed different morphology, high elasticity and acceptable tensile (mechanical) properties. These citric acid loaded films p r o d u c e d h i g h e r z o n e s o f i n h i b i t i o n a g a i n s t Staphylococcus aureus, Proteus mirabilis, Pseudomonas aeruginosa, Escherichia coli and Dickeya chrysanthemi strains compared to blank film.
Introduction
Presently the industrial application of natural polymers and their derivatives is the most fascinating and vastly investigated field. For this purpose, biodegradable natural polymers such as polysaccharides and protein have been widely used (Younes and Cohn 1987; Jeong et al. 1997; Wijesinghe and You-Jin 2012; Archana et al. 2013; El-Aassar et al. 2013; Moustafa et al. 2013) .
Carrageenan are high-molecular weight polysaccharides with three major fractions (k-kappa, i-iota and l-lambda), which vary in the number and position of the sulphate groups on the galactose dimer. The k-and i-types form gels through the 3,6-anhydro-D-galactopyranosyl ring which can adopt the double helical structure necessary for the gelation process (Therkelsen 1993; Ribeiro et al. 2004) .
Carrageenan and its derivatives form valuable ingredients for foods, cosmetics and pharmaceuticals (Ruiter and Rudolph 1997; Uruakpa and Arntfield 2006; Hadi and Ida Idayu 2013) . In recent years, they have demonstrated to play significant role in antioxidant activities (Yuan et al. 2006; Zhang et al. 2003 Zhang et al. , 2004 and have been explored as effective excipients in controlled release drug delivery systems (Makino et al. 2001; Lazzarini et al. 2006; Joshua et al. 2013) .
Kappa-carrageenan is mostly used in the food industry as gelling, stabilizing agent and thickener because of its high hydrophilicity, mechanical strength, biocompatibility and biodegradability (Guiseley et al. 1980) . Kappa-carrageenan would reduce or eliminate toxicity in biomedical applications. For this reason, Kappa-carrageenan has been applied for immobilizing protein and controlled drug delivery systems (Palace et al. 1999; Muhamad et al. 2011; Hadi and Ida Idayu 2013) .
Recent studies have focused on the application of biodegradable films on the food surface preventing the diffusion of preservative into the food and inhibiting surface microbial growth (Lian-Syun et al. 2009; İlke et al. 2011; Soliman et al. 2012) .
Organic acids such as citric, succinic, lactic acids and succinic anhydride exhibit both bacteriocidal and bactiostatic effects against pathogenic strains (Bal'A and Marshall 1998; Mani-López et al. 2012) . Citric acid was used to obtain natural antimicrobial packaging material.
The aim of this study is to prepare of flexible and bioactive films from Kappa-carrageenan and determined their antibacterial activity against gram-positive (Staphylococcus aureus (S. aureus), Dickeya chrysanthemi (D. chrysanthemi)) and gram-negative bacteria (Escherichia coli (E. coli), Proteus mirabilis (P. mirabilis), Pseudomonas aeruginosa (P. aeruginosa)).
Materials and methods

Material
Kappa-carrageenan, citric acid and all the chemicals were obtained from Sigma-Aldrich. Distilled water was also used in film preparation. All chemicals were used as received with no additional purification.
Gram-positive bacteria (Staphylococcus aureus ATCC 29213 and Dickeya chrysanthemi JF972567) and gramnegative bacteria (Escherichia coli ATCC 25922, Proteus mirabilis O10, S1959 (OXK, O3) and Pseudomonas aeruginosa ATCC 27853) were kindly supplied by Dr/ Elsayed Hafez (Genetic Engineering & Biotechnology Research Institute, SRTA-city).
Film preparation
Kappa -Carrageenan (KC) formulations for films were prepared by dissolving a definite amount of KC (2 g) in 100 ml of distilled water containing 25 % of glycerol (Gly) depending on KC weight (at 70°C) with strong mixing in a helix mixer for 30 min. Afterwards, pre-determined amounts of citric acid (CA), were added to KC solution, so their concentrations were 1 (KC-1), 0.75(KC-2), 0.5 (KC-3) and 0.1 (KC-4) %, respectively, based on the weight of KC. Finally, samples were poured onto polystyrene Petri dishes and dried overnight at 40°C to form film. Films were stored in desiccators till using.
Film thickness
Thicknesses of the films were measured with an electronic digital micrometer (Mitutoyo, Japan) which has a sensitivity of 0.001 mm and measurements were taken at least from five random positions on each film. Then, the mean value was used for the calculations of mechanical properties.
Tensile strength and elongation measurements
Tensile strength (TS) and elongation (E) of the prepared films were determined with an Shidmadzu universal testing machine (model AG-I 5 KN, Shidmadzu, Japan). Initial grip separation was set at 5 cm, and cross-head speed was set at 5 mm/min. TS was calculated by dividing maximum load (force) by initial cross-sectional area of a specimen. E was expressed as percentage of change of initial gauge length of a specimen (5 cm) at the point of sample failure.
Contact angle analysis
The contact angle means the inside angle between the surface of the KC film and the tangent to the surface of the water (Babak et al. 2007 ). It is well-known that the water contact angle will increase with increasing surface hydrophobicity. The surface hydrophobicity or wetability of the films was evaluated by contact angle measurements carried out with water using a goniometer (Ramé -hart, model 500-F1, France). To perform the measurements, a syringe was filled with 5 ml of water, and a drop was placed on top of the film surface that was glued on a well-leveled smooth platform. The angle between the baseline of the drop and the tangent at the drop boundary was measured. For each film type, at least three measurements on different positions of film surface were made and the average was taken.
Swelling studies
Swelling studies of films were carried out in water at room temperature. Samples were immersed in Petri dish filled with 30 ml of water solution. At different intervals, films were moved out, and the surface water of films was wiped using filter paper and weighed. Fresh water was used for further swelling study. The swelling percentage of films is then calculated:
Where W t is the weight of swollen films at time t and W 0 is the initial weight of samples (Hadi and Ida Idayu 2013) . Tests were conducted in triplicate to minimize error and were reported as a mean value. Microstructure examination
The surface of the films were analyzed using a scanning electron microscope (JEOL, model JSM-6460LV, Tokyo, Japan). For this purpose, the film pieces were mounted on bronze stubs using a double-sided tape and then coated with gold, before being observed under the microscope.
Antimicrobial activities
The antimicrobial activities of KC films were determined using the agar diffusion method (Ko et al. 2001; Sanjurjo et al. 2006; Soliman et al. 2012 ).
Bacteria culture and in vitro antibacterial assays In order to study the antimicrobial activity of the films, five pathogenic strains including two gram-positive bacteria (S. aureus and D. chrysanthemi) and three gram-negative bacteria (E. coli, P. mirabilis and P. aeruginosa) were used as test microorganism.
Bacteria culture All the strains were cultured at 37°C for 24 h. By appropriately diluting with sterile solution, the cultures of bacteria containing 10 7 CFU/mL were prepared and used for the antibacterial test.
Antimicrobial assay in vitro The agar diffusion method was used to analyze the antimicrobial effect of the prepared films on bacterial strains. Agar plates were inoculated with 100 μl of bacterial cultures grown overnight (colony count 10 7 CFU/ ml). Film discs of 1 cm of diameter were placed on the inoculated agar plates. The plates were incubated at 37ºC for 24 h. The diameter of the inhibition zone was measured with a caliper and indicated by cm depending on the diameter of the zone. Analyses were realized in triplicate.
Statistical planning of experiments
Statistics on a completely randomized design were performed with the analysis of variance (ANOVA) (P<0.05) procedure in SPSS software (version 10.0 for windows, SPSS Inc., 233 South Wacker Drive, 11th Floor, Chicago, IL, USA).
Results and discussions
Tensile strength (TS) and elongation (E) KC produces flexible, transparent and uniform films due to its viscoelastic nature (Alves et al. 2006; Campo et al. 2009; Joshua et al. 2013) .
The mechanical properties of KC films prepared from unmodified and modified KC were shown in Table 1 . KC-0 films exhibited high strength strength with high percentage of elongation. Whereas, the opposite mechanical behavior was noticed for modified KC films which showed lower tensile strength with lower elongation comparing with KC-0 films.
Films prepared using CA at various concentration show different trend for TS and E percentage. For example, KC-5 films had the better results for TS and E than the other films. 
N=3
Column values followed by the same letter are not significantly different (P≤0.05) based on Duncan's multiple range test. KC-0: K-carrageenan film without citric acid; KC-1, KC-2, KC-3, KC-4, and KC-5 are K-carrageenan film with 1, 0.75, 0.5, 0.25, 0.1 % citric acid concentration, respectively
As TS and E were 93.43±26.47 and 105.69±58.9, respectively. Also from the table it was clear that increasing CA concentration lead to decrease in TS and E. The best result was obtained using 0.1 % concentration and the bad result was obtained using 1 % concentration of CA. Since Gly has multiple hydroxyl groups that penetrated into the polymeric network and formed hydrogen bonds with the hydroxyl groups of the polymers, this created enlarged spaces between the polymeric chains and resulted in increased flexibility of the films (Joshua et al. 2013) . Gly also produced smooth and homogeneous films by reducing the crystallanity. Based on above, the blank KC-0 film was the better one. On the other hand, addition of different concentration of CA lead to change in the structure of final polymer as it has an additive plasticizing effect due to the presence of multiple hydroxyl groups. This lead to change in mechanical properties of films and this was confirmed by results in Table 1 .
Contact angle
The main objective of this study was to change the properties of films by addition of cross-linker compound; therefore, the superficial hydrophilicity of films was determined by the contact angle method. In general, higher angles represent higher hydrophobic surface. When KC film is used for food packaging, choosing between the side with a high contact angle or a low contact angle should be considered (El Fawal 2013) . So the measurements were performed in both film sides: the upper one, which was in contact with air during the drying step and the lower one, which was in contact with the polystyrene Petri dish. Table 2 showed the contact angles of KC films that indicate influence of CA concentrations on hydrophilicity of the prepared films.
These data exhibited that KC-0 film has a relatively high contact angle (Upper, 65.32±4.61°and lower 72.59±2.56). The contact angles for all prepared films using CA were lower than that value. Contact angles (upper and lower) of all films were decreased with increasing CA concentrations.
It was indicated from the aforementioned results that KC-0 films characterized with a relatively high contact angle because of nature of its structure. Whereas, forming KC films using CA decreased the hydrophobicity of the resultant films as a result of change the conformational structure of KC chains leading to exposing the more hydrophilic functional groups of CA.
Swelling
Results of swelling percentages (%) are illustrated in Table 3 . The impact of time was more pronounced with extension. And so swelling percentages was higher at 20 min. for all films comparing with those at the other times, the only exception is offered by KC-1 at 15 min. The swelling percentage take the sequence KC-0 (1015.89 ±13.98 %) followed by ) and the lowest percentage was for KC-1 (212.95±23.55). On the other hand, swelling percentages for each film increased with increasing time. In addition swelling percentages decreased with increasing CA concentration (at fixed time), as swelling percentage sequence would be KC-0> KC-5>KC-4>KC-3>KC-2>KC-1. Low swelling with increasing CA concentration can be due to the protonation of carboxylic groups and creation of more hydrogen bonds in KC hydroxyl groups resulting in more compact networks and therefore less swelling (Hadi and Ida Idayu 2013).
Microstructure
The surface microstructures depended on the drying conditions (evaporation rate of the solution) and especially depend on the humidity during drying (Tomoyuki et al. 2000) . The upper film surface, which was in contact with air during the drying step, was used here. The morphologies of KC films were shown in Fig. 1 . In this study, different morphologies were observed in different samples. KC-0 film, Fig. 1a , show compact and dense structures with little cavities and voids were detected and continuous even matrix was not found, although presence of plasticizer increased association within polymer chains (Pereda et al. 2010) .
On other hands, micrographs of KC-1 and KC-5 (Fig. 1b, c) exhibited that topography of these films had rougher surface than the KC-0 film as there were crystals present on the surface of films. However, number and distribution of crystals different based on the concentration of CA, where the KC-1films characterized with more dense crystals structure comparing with the other film. These noticeable topographic features of films owing to the way which KC, CA and Gly interact with each other depending on CA concentrations and reaction conditions.
Antimicrobial effect
Recent studies have focused on the application of biodegradable films on the food surface preventing the diffusion of preservative into the food and inhibiting surface microbial growth (Lian-Syun et al. 2009; İlke et al. 2011; El Fawal 2013) .
The antimicrobial properties of the films were evaluated by noting whether there was a clear inhibitory zone around the film or not after incubation. All strains were tested before using in this experiment with a reference antibiotic to be sure of efficiency of it (In labs of Genetic Engineering & Biotechnology Research Institute, SRTA-city).
The capabilities of all KC films in inhibiting the growth of the tested bacteria were assessed (Table 4) . The results of the research revealed that the KC-0 film itself could not inhibit the microbial growth around the film (i.e. there is no inhibition zone).
The obtained results revealed that the KC-0 film have no antibacterial activity against these bacterial strains. Whereas, KC films containing CA exhibited higher antibacterial effect on the tested strains. This inhibitory effect was differed according to concentration of CA and type of tested bacterial strains. KC-1 film exhibited higher inhibitory effect on all stains comparing with the other films. This refers to high concentration of CA in this film.
On the other side, the inhibitory effect for each strain decreased with decreasing in CA concentration. For example inhibition zone for E. coli decreased form 3.68±0.17 cm using KC-1 film to 1.43±0.36 cm using KC-4 film and inhibition zone became zero using KC-5 film, which had the low concentration of CA.
KC-5 had not effect on all strains except P. aeruginosa due to low concentration of CA which could not suppress bacterial growth.
The antibacterial action of these films arises from functional groups of acid that affect the electrostatic interactions between these species and cell membrane. Besides, the decided structural properties of the KC films containing CA films can affect on the adhesion of bacterial cells and consequently on their ability for inhibition of bacterial growth (Soliman et al. 2012 ).
Conclusions
KC films were prepared, mechanical, wetability, contact angle properties and their antibacterial activity against, E. coli, P. aeruginosa, P. mirabilis, D. chrysanthemi and S. aureus was assessed. The results exhibited that this technique had a potential for modify the properties of KC films such as mechanical, solubility and antibacterial activity. Preparation of KC films may hold practical significance in changing the flexibility, solubility and antibacterial activity. Therefore, these changes can extend the potential applications of KC films in packaging and biomedical fields.
